Palladium catalyzed allylation of menthone and 4-t-butylcyclohexanone derivatives is shown to be under stereoelectronic control leading to the products of axial allylation. The stereochemical assignment is supported by 1 H NMR experiments and X-Ray crystallography of selected examples.
Introduction
The stereochemistry of palladium catalyzed allylation has been extensively studied in terms of the use of asymmetric ligands to induce chirality1 and the stereochemistry of the allylic starting material. 2 We are not aware of previous studies concerning preexisting chirality in carbon nucleophiles in these reactions.
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Results and Discussion
Recently we had occasion to perform the allylation of formyl isomenthone 1 4 and were pleased to find the expected 5 exclusive C-allylation product 2 was obtained as a single diastereoisomer (Scheme 1). Selective reduction of the aldehyde to alcohol 3 and the subsequent treatment with benzoyl isocyanate gave carbamate 4 which upon treatment with methanolic potassium carbonate yielded a carbamate derivative 5 that was amenable to X-Ray crystallography ( Figure  1 ). 6 This unequivocally showed the trans relationship of the allyl and methyl groups, although they were now diequatorial, due to epimerization at the iso-propyl center during methanolysis. A small amount of the diastereomer was also obtained. Hence, it was concluded that the original All of the major products of the allylation reactions are consistent with the approach of the π-allyl palladium intermediate towards the face of the enolate so that a chair like transition state 14 results, rather than the alternative boat (Scheme 4). 
Conclusions
Palladium catalyzed allylation of cyclohexanone derivatives has been shown to favor the formation of the axial isomer. This is consistent with previous observations made on simple alkylation and protonation reactions, and shows that the same stereoelectronic principles apply. The selectivity was found to be highly dependant on the activating group -with the formyl group giving the highest stereoselectivity. We anticipate that these results will be useful in synthesis. 
Experimental

). (2R,3S,6S)-2-Hydroxymethyl-3-methyl-2-(3'-propenyl)-6-isopropyl cyclohexanone (3).
Sodium borohydride (320 mg, 8.72 mmol) was added to a solution of the β-ketoaldehyde 2 (3.89 g, 17.44 mmol) in methanol under N 2 at -78 °C. The mixture was stirred for ten minutes, then allowed to warm slowly to room temperature. Aqueous ammonium chloride was added and the mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried (Na 2 SO 4 ) and evaporated. Purification of the residue by flash chromatography on silica gel (90 g) eluting with 3% EtOAc/hexane gave the alcohol 3 (2.54 g, 65%) as a colorless solid, mp 72-75 °C. 2R,3S,6S)-2-N-Benzoyl-carbamoyloxymethyl-3-methyl-2-(3'-propenyl) -6-isopropyl cyclohexanone (4). Benzoyl isocyanate (88 µL of a 5M solution in CH 2 Cl 2 , 0.44 mmole) was added to a solution of the alcohol 3 (100 mg, 0.44 mmol) in CH 2 Cl 2 (4 mL) under N 2 at -78 °C. After thirty minutes, the mixture was allowed to warm to room temperature and evaporated. Purification by flash chromatography on silica gel (3 g) eluting with 15% EtOAc/hexane gave the N-acyl carbamate 4 (150 mg, 91%) as a colourless solid mp 58-62 °C. 2R,3S,6R)-2-Carbamoyloxymethyl-3-methyl-2-(3'-propenyl) -6-isopropyl cyclohexanone (5). Anhydrous potassium carbonate (220 mg, 1.71 mmol) was added to a solution of the N-acyl carbamate 4 (640 mg, 1.71 mmol) in methanol (3.5 mL) at room temperature. The mixture was stirred for four hours, then treated with aqueous ammonium chloride and extracted with dichloromethane. The organic layer was washed with brine, dried (Na 2 SO 4 ) and evaporated. The residue was purified by flash chromatography on silica gel (20 g), eluting with 15 and 20% EtOAc/ hexane to give the carbamate 5 (320 mg, 70%) as a colorless solid, mp 125-127 °C. 
4-t-Butyl-2-(3'-propenyl)-cyclohexanone-2-carboxaldehyde (9).
The same method was used as for compound 2: major isomer: -2-carbethoxy-2-(3'-propenyl)-cyclohexanone (12) . The same method as for compound 2 was used, except that KOt-Bu was employed as the base. 
4-t-Butyl
